Revised palaeogeographic reconstructions of the Atlantic-bordering continents and intervening terranes are presented for the Siluro-Devonian boundary, Early Devonian, and Late Devonian, based on incorporation of new palaeomagnetic results that have become available from Laurentia and Gondwana. The key features of the palaeogeographic model are the transpressive collision between the eastern margin of Laurentia and the northwest South American margin of Gondwana in the Siluro-Devonian, and the subsequent Devonian retreat of the north African margin and the development of a wide ocean between Africa and Europe by the Late Devonian. Although rather complex and involving rapid motions especially of Gondwana, the revised Devonian plate tectonic evolution as indicated by palaeomagnetism is not inconsistent with biogeographic and palaeoclimatological evidence.
Background and methodology
The palaeomagnetic, biogeographic, and palaeoclimatological evidence for Palaeozoic palaeogeography of the Atlantic-bordering continents and intervening displaced terranes has been recently reviewed by . However, the continued generation of relevant palaeomagnetic data requires further and substantive modification in palaeogeographic reconstructions for the Siluro-Devonian to Late Devonian time interval. In particular, new results from Laurentia (Miller & Kent 1988; Stearns et al. 1989 ) place this continental block in higher southern palaeolatitudes in the Siluro-Devonian than previous palaeomagnetic data indicated, whereas additional palaeomagnetic evidence from Australia (Li et al. 1988 ) supports a central African location for the Late Devonian palaeopole for Gondwana and the retreat of the north African margin to mid-southern latitudes in the Late Devonian.
We present an updated list of selected Ordovician to Devonian palaeomagnetic poles for Laurentia, Gondwana, and the intervening displaced terranes; key Devonian poles from eastern Australia, Baltica, and from Iran are also included (Table 1) . Each palaeopole is assigned a quality parameter using the criteria of , 1989 . Mean palaeopoles (Table 2) , based on what we regard as reliable data, are used to make palaeogeographic reconstructions for three critical time intervals: Siluro-Devonian boundary, Early Devonian, and Late Devonian, providing a basis for comparison to biogeographic and palaeoclimatological evidence. The previous published palaeogeographic maps for Middle/Late Ordovician and the Middle Silurian (Van der Voo 1988) remain unchanged.
Apparent polar wander paths
Our interpretation of the apparent polar wander (APW) paths for Laurentia and Gondwana, based on the palaeopoles listed in Table 1 , implies considerable movement of the respective landmasses over the Ordovician to Devonian time interval.
A significant new feature in the APW path for Laurentia is a broad loop (counterclockwise in South Poles) from the Middle and Late Ordovician to the Late Devonian (Fig. 1) . There is now a group of palaeopoles that falls at low latitude (South Pole closest to Laurentia) in the Siluro-Devonian, and it is these (AN, PE, and KS; The APW path for Gondwana implies large and surprisingly rapid motions of this large landmass: from the well-documented palaeoposition of the South Pole in north Africa in the Ordovician, the APW path shows a swing to a location near southern Chile during the Silurian, and then loops back to central Africa by the Late Devonian (Fig. 2) 
Palaeogeographic reconstructions

Ordovician setting
Ordovician palaeogeographic models for Laurentia and Gondwana remain relatively unchanged in the last decade and we use the recently published reconstruction of for this time interval (Fig. 3) . The key elements of the Ordovician model are Laurentia in equatorial palaeolatitudes and the north facing margin of Gondwana in high southern palaeolatitudes, with the South Pole in northwest Africa. Ordovician palaeomagnetic data for Armorica, Avalon and at least parts of the Appalachian Piedmont indicate that these intervening terranes occupied high southern palaeolatitude, periGondwanide locations. Southern Britain was also in intermediate to high southern palaeolatitudes according to some interpretations of the Ordovician palaeomagnetic data (McCabe & Channell 1988) but was adjacent to northern Europe in alternative interpretations (Briden et al. 1984) . New Ordovician palaeomagnetic data from the Central Mobile Belt of Newfoundland suggest an intra-oceanic island setting for some of the tectonic elements now located between the Laurentia continental margin and Avalon (Johnson et al. 1988 
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Key Devonian poles from eastern Australia (African coordinates, south poles)
S i l u r o -D e v o n i a n b o u n d a r y
The wide palaeolatitudinal separation b e t w e e n Laurentia and G o n d w a n a in the Ordovician is no longer apparent by the Siluro-D e v o n i a n b o u n d a r y (Fig. 4) . Laurentia occupies a m o r e southerly position in the Siluro-D e v o n i a n than previously thought, according to recently available palaeomagnetic results. Pre-folding magnetizations from the latest Silurian to earliest D e v o n i a n A n d r e a s redbeds from the Appalachians may be oroclinally rotated but clearly indicate a southerly palaeolatitude of about 36~ (Miller & K e n t 1988) . This result ( A N ) supports the reality of the P E pole from the Early D e v o n i a n Peel Sound F o r m a t i o n of the Canadian Arctic, and suggests that the better described and m o r e usually quoted (PS) pole obtained in the Peel Sound study ( D a n k e r s 1982) refers to a magnetization acquired s o m e w h a t later in the Early Devonian. Indirect but strong confirmation of the placement of Laurentia almost entirely in the southern h e m i s p h e r e at a r o u n d Siluro-D e v o n i a n time also comes from secondary magnetizations from the Cambro-Ordovician Kap Stanton unit of north G r e e n l a n d (KS; Stearns et al. 1989) . Since the Peel Sound P E pole, the A n d r e a s A N pole, as well as the Kap Stanton secondary magnetization KS pole do not resemble any y o u n g e r (or for that matter, older Palaeozoic) palaeopole positions d o c u m e n t e d for Laurentia, they are thought to provide a reliable m e a n Siluro-Devonian pole with respect to this continent (Table 2) .
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O& 6-7 Table 1 ); the mean palaeopoles (asterisks) used to make the palaeogeographic maps of Figs 4-6 are listed in Table 2 . O, Ordovician; S, Silurian; D, Devonian; 1, lower; m, middle: u, upper. Note the agreement between Laurentian and CMB/Avalon palaeopoles for Middle Silurian through Devonian time, indicating that these areas were together during that interval.
At about the same time, the north African margin of Gondwana drifted northward into tropical palaeolatitudes, as indicated by the Silurian palaeopole from the Air ring complexes of Niger (Hargraves et al. 1987) with supporting evidence from the Early Devonian Snowy River palaeopole from eastern Australia (Schmidt et al. 1987) . We interpolate between the Air (AR and Snowy River (SR) poles to derive a mean Siluro-Devonian pole representative for Gondwana (Table 2) .
Positioning Laurentia and Gondwana according to the poles discussed above leads to an assembly where northwest South America is opposite the eastern margin of Laurentia at around the Siluro-Devonian boundary (Fig. 4) . Siluro-Devonian palaeopoles from the intervening terranes, e.g., Avalon (MA), southern Britain (OR), and the Central Mobile Belt of the northern Appalachians (DV), are consistent with this fit, suggesting that these terranes had docked during the late Caledonian and Acadian orogenies in the Siluro-Devonian. Baltica can also be regarded as part of the supercontinent assembly, judging by the recent palaeomagnetic results with dual polarity and a positive fold test from the Late Silurian (to earliest Devonian?) Ringerike Old Red Sandstone of southern Norway (Douglass 1988) .
Early Devonian
The Siluro-Devonian supercontinent assembly does not appear to have been long lived as some of the major continental elements drifted apart over the Devonian. Initial stages of this disruption apparently occurred already in the Early Devonian (Fig. 5) : palaeolatitudes for Laurentia based on the PS pole are more Table 1 ), and abbreviations are explained in Fig. 1 . Note the agreement between cratonic Gondwana, Iran and eastern Australia palaeopoles for Devonian time, indicating that these areas were together during that interval.
northerly by 10 ~ to 20 ~ compared to the Siluro-Devonian. The similarity of palaeolatitudes that can be inferred from Early Devonian palaeopoles from the intervening terranes like the Central Mobile Belt (TF), Avalon (HF, EF), and Armorica (SP), to those predicted from Laurentia, suggest that these terranes stayed fixed with respect to Laurentia and henceforth shared a common drift history.
Gondwana in the meantime did not move far (SR pole) compared to its Siluro-Devonian position. Although the Snowy River pole (SR) comes from the Tasman orogen of eastern Australia, the good agreement of Early Devonian palaeomagnetic results from Iran (IR; Wensink 1983) with the palaeolatitudinal framework for Gondwana suggested by the SR pole provides supportive evidence for the palaeogeography shown here (Fig. 5) .
Late Devonian
Later in the Devonian, the action shifts to Gondwana. Early Devonian (PS) and Late Devonian (CN, CS) palaeopoles for Laurentia are not very different, hence Laurentia experienced little palaeolatitudinal change over most of the Devonian. Late Devonian palaeolatitudes from the Central Mobile Belt (CF), Avalon (MM) and Armorica (SV) are also consistent with those of a relatively stationary Laurentia. This is not however the case for Gondwana. The palaeomagnetic results from the Late Devonian of western Australia yields a pole (CB) in central Africa (Hurley & Van der Voo 1987) . Supported by new palaeomagnetic data from the Late Devonian (to earliest Carboniferous) Hervey Group of southeastern Australia (Li et al. 1988) , the central African location for the Late Devonian palaeopole for Gondwana implies a retreat of the north African margin, from subtropical palaeolatitudes in the Early Devonian (SR) to about 50~ palaeolatitude in the Late Devonian (CB) as shown in Fig.  6 . We note that a Late Devonian palaeopole from Iran (GB) fits well with the position of Gondwana as indicated by the results Table 2 .
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from Australia, just as was the case for the Early Devonian. Although it is possible that the palaeopole for Gondwana was in central Africa into the Early Carboniferous (Li et al. 1988) , the main effect of this would be to reduce the time available (hence, increase the drift rate) for Gondwana to move into a Pangaea configuration by about the end Visean.
D i s c u s s i o n
The key elements of the palaeogeographic scenario outlined above involve the transpressive collision of the eastern margin of Laurentia with the northwest South American margin of Gondwana by about the time of the Siluro-Devonian boundary, followed by the opening of a wide ocean between Africa and Europe by the Late Devonian. The suggested supercontinent assembly in the Siluro-Devonian is reminiscent of the model of McKerrow & Ziegler (1972) based primarily on tectonostratigraphic grounds; it is also called for by the more southerly position of Laurentia as indicated by new palaeomagnetic data (Miller & Kent 1988; Stearns et al. 1989 ) which now agree well with the distribution of lithic palaeoclimatic indicators (Heckel & Witzke 1979) . A more conventional Pangaea-like supercontinental assembly for the Siluro-Devonian (e.g., , with northwest Africa against eastern Laurentia, cannot be easily accommodated because Laurentia is now seen to occupy a palaeolatitudinal range that overlaps with that of northern South America and Africa. Palaeomagnetism of course does not provide constraints on the palaeolongitudinal position of the continents and considerable e a s t -w e s t relative motion between the continents may have taken place. Nevertheless, we have chosen to minimize relative motions, hence the longitudinal separations, between Laurentia and Gondwana over the Devonian. This allows the northwest South American margin to remain in close proximity to Laurentia even while a wide ocean develops between Africa and Europe in the Late Devonian (Fig. 6) . We believe that this model is still compatible with some important biogeographic constraints;
Late Devonian (Famennian) Fig. 6 . Palaeogeographic reconstruction for the Late Devonian; for explanation see Fig. 3 . The continental elements are positioned according to the mean poles of Table 2. for example, the dispersal of early land vertebrates between Gondwana and the northern continents (Young 1990 ) may have occurred through the South A m e r i c a -L a u r e n t i a land connection over the Devonian.
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